Changes in rainfall regime and grazing pressure affect vegetation composition and diversity with ecological implications for savannahs. The savannah in East Africa has experienced increased livestock grazing and rainfall variability but the impacts associated with those changes on the herbaceous layer have rarely been documented. We investigated the effect of livestock grazing, rainfall manipulation and their interaction on the composition and diversity of the herbaceous community in the savannah for two years in Lambwe, Kenya. Rainfall manipulation plots were set up for vegetation sampling; these plots received either 50% more or 50% less rainfall than control plots. Simpson's diversity and BergereParker indices were used to determine diversity changes and dominance respectively. The frequency of species was used to compute their abundance and their life forms as determined from the literature. Grazing significantly increased species diversity through suppression of dominant species. Rainfall manipulation had no significant impact on plant diversity in fenced plots, but rainfall reduction significantly reduced diversity in grazed plots. In contrast, rainfall manipulation had no impact on dominance in either fenced or grazed plots. The interaction of grazing and rainfall manipulation is complex and will require additional survey campaigns to create a complete picture of the implications for savannah structure and composition.
Introduction
Climate change and land use are modifying plant composition and vegetation cover within East African savannahs (Ssemmanda et al., 2014; Serdeczny et al., 2015) . In recent decades, the savannahs have experienced a rise in human settlement. There has also been an increase in land use intensity, especially due to increasing livestock density. These changes are characterized by the conversion of natural ecosystems into agricultural use (Muriuki et al., 2005; K'Otuto et al., 2012; Musau et al., 2016) . Climate variability manifested through changing rainfall patterns is ongoing in East African regions (Conway et al., 2005; Serdeczny et al., 2015) , where both shorter periods of intense rainfall and longer periods of drought have been recorded (K'Otuto et al., 2012) .
Changing rainfall patterns have varying consequences on herbaceous structure and composition (Lovette et al., 2005; Zerbo et al., 2016) . Increases in rainfall intensities often result in accelerated runoffs and soil erosion, and destroy shallow-rooted plants (Baudena et al., 2015; Zerbo et al., 2016) . On the other hand, reduced rainfall may limit plant physiological functions such as photosynthetic CO 2 uptake and fixation, plant growth, and species survival. Drought inhibits seed germination, causes plant mortality and alters community structure (Wang et al., 2010; Western et al., 2015) . Depending on the time-span, drought may cause dominant deep-rooted vegetation in the herbaceous layer to replace shallow rooted vegetation (Hoover et al., 2014) . Cumulatively, these factors alter herbaceous plant communities, reducing plant cover, and potentially lowering the survival chances of intolerant species (Ji and Peters, 2013) . In some instances, such outcomes are short-term, with recovery occurring during subsequent favourable years. In other cases, however, changes in rainfall intensity may stimulate irreversible shifts in species composition in the herbaceous community (van der Plas et al., 2013) .
Savannah in East Africa has evolved in conjunction with wild grazing herbivores, which normally occur at ecologically sustainable levels (Kioko and Seno, 2012; Mureithi et al., 2014) . The introduction and expansion of livestock in the savannah, however, poses major challenges, given that the ecosystem is subjected to increased grazing pressure. This potentially alters vegetation structure and function. Overgrazing by livestock may notably reduce plant growth and vigor which in turn may lead to shifts in species composition (Schieltz and Rubenstein, 2016) . There is also a reduction in class 1 (palatable species) category plants which are often consumed by livestock before seed dispersal (Rutherford et al., 2012; Koerner and Collins, 2014) . Overgrazing also leads to a shift from communities of perennials to those predominately composed of annual vegetation, which exhibit superior growth and seed dispersal abilities, and, therefore, rapidly colonize open, grazed patches (Holmes and Rice, 1996; Bilota et al., 2007; Kioko et al., 2012) . Moderate and light grazing, on the other hand, suppress dominant species and promote diversity, especially in productive ecosystems (Koerner and Collins, 2014) . This may occur in the savannah in Lambwe, which is relatively productive (K'Otuto et al., 2012) . At within patch-scale, grazing at moderate intensity can also promote plant diversity by reducing the intensity of competition for light (Bakker et al., 2003; Deng et al., 2014) and by opening colonizing windows due to gap creation. This enables the regeneration of gap opportunistic plant species .
The ecosystem in Lambwe valley in southwestern Kenya is predominantly savannah. It has experienced significant modification due to changing rainfall patterns and increased livestock grazing intensities (Njoka et al., 2003; Muriuki et al., 2005) . The rainy periods have become shorter but more intense, while the dry seasons have become longer, with extended droughts (Njoka et al., 2003; K'Otuto et al., 2012) . These changes are likely altering composition and richness of the herbaceous layer community. Because both livestock grazing and rainfall act simultaneously on the vegetation, this study sought to identify changes that occur in the herbaceous layer as a result of shifts in rainfall intensity and increased livestock grazing. We hypothesize that livestock grazing, changing rainfall regimes, and the interaction between these factors decrease the diversity and richness of the savannah herbaceous layer.
Materials and methods

Study site
This study was conducted in Ruma (00 35 0 S, 34 12 0 E), located within the Lambwe valley in Homa Bay County, Suba District, western Kenya from 2014 to 2015. The elevation of the area is around 1300 m above sea level. The site was located on a northfacing slope at the foothills of the Gwasi massif, on land belonging to the Kenya National Youth (NYS). The climate is warm and humid, with a mean (2003e2013) annual air temperature of 22 C. In addition to the expansive savannah, with semi-natural vegetation, other land cover types include a conserved area within the Ruma National Park, human settlements, open cattle (cows, sheep, and goats) grazing fields, and seasonally cultivated crop fields (Maitima et al., 2010) . The animal stocking rate is at 7.4 animal units ha
À1
. The mean annual rainfall (1993e2013) is 1100 mm, with a weak bimodal distribution pattern between AprileJune and SeptembereNovember. JanuaryeMarch is usually the driest and hottest period of the year. Soils are shallow, stony, red-brown clay loams. The higher elevations support ferruginous tropical soils and holomorphic soils on rocks that are rich in ferromagnesian minerals. Mixed soil formations of red-brown friable clays, grey mottled clays, and gray compacted loamy sands predominate. Towards the valley bottom, the soils are largely black clays, i.e., "black cotton" (Arnhold et al., 2015) . Soils here have a high mineral content and tend to be alkaline (Allsop and Baldry, 1972) . Measurements were conducted on a 150-ha area of mainly rolling grassland, with tracts of open woodland and thickets dominated by Acacia, Combretum, Bridelia and Rhus and a wide diversity of herbaceous vegetation, dominated by the grasses Hyparrhenia filipendula and Bracharia decumbens. The area has a slight slope (3 ).
Microclimate
During the experimental period, weather parameters were continuously monitored using an automatic weather station (AWS-GP1, Delta-T Devices, Cambridge, UK) installed within the study site in an open area to avoid interference from trees. Parameters that were continuously monitored included rainfall and air temperature. Measurements were taken every 5 min, and data averaged and logged half-hourly for a period of 2 years.
Experimental design
The experiments were set in a split-plot design, with three replicates of grazed and fenced areas as main plots, and rainfall manipulation splits that included ambient rainfall (control), 50% more rainfall, and 50% less rainfall. The split-plots were nested within the land use plots that were respectively grazed by livestock or fenced (2 m high perimeter fence since 2011) to exclude livestock. The grazed plot was an open savannah subjected to yearround livestock grazing since 2005. The rain manipulations were achieved by the construction of rain-out shelters above the herbaceous vegetation canopy. To exclude rainfall, bisections of the rain exclusion split plots were covered with transparent plastic gutters and inclined at 2 downslopes to re-direct 50% of the excluded rainfall to the split plots designated for more rainfall. Control plots received ambient rainfall. Each rainfall manipulation shelter measured 6 m by 3 m and were embedded on land use plots each measuring 70 m by 100 m. The land use plots were either grazed or fenced. Trenches, 30 cm deep, were dug around the plots and plastic gutters vertically inserted into the trenches to prevent surface runoff and lateral movement from the surrounding soil. Rain-out gutters were replaced every six months.
Soil water content
In the herbaceous vegetation study plots, gravimetric soil water content (SWC) was determined monthly for a period of 2 years. Soil samples were taken using a 3-cm-diameter corer down to 30 cm. Each sample was immediately weighed before oven drying at 105 C for 48 h and re-weighing. SWC was determined as the relative change in weight between fresh and dry soil samples (Brady and Weil, 2002) .
Plant biomass determination
Plant biomass within the 40 cm by 40 cm frames was harvested monthly for the two-year study period. The harvested biomass was separated into live and dead biomass. Green standing plant material constituted live biomass, whereas brown standing and nonstanding (on the ground/litter) plant material constituted dead biomass. The aboveground samples were oven-dried at 80 C for 48 h, before determining their dry weight.
Vegetation composition and diversity
Species composition within the herbaceous layer was assessed towards the end of the rainy season (June and November) in 2014 and repeated at the same period in 2015. The sampling time coincided with the flowering period of most herbaceous species, making their identification easier. Plant species composition was estimated by randomly establishing 3 separate 40 cm by 40 cm quadrats in each of the treatment plots. All the standing plant materials in the quadrats were identified and recorded. Individual species were further classified in terms of life-forms (i.e. annuals and perennials) and their palatability was determined from the literature (Van Oudtshoorn, 2002; Muyekho et al., 2004) . Species counts were then used to calculate percentage cover; herbaceous diversity was determined using species richness (R) and Simpson's index (D) of diversity. Species richness was defined as the total number of species present in a particular sampling plot, which could also be referred to as diversity (Waite, 2000) . Simpson's index of diversity was calculated as follows: 
Statistical analysis
All statistical analyses were performed using SAS software (version 9.1, California, USA). One way ANOVA was used to compare herbaceous vegetation variables (palatability and life form) within the research plots. Two-way ANOVA was used to test the effect of grazing and/fencing and rainfall manipulations on plant species diversity, composition, and dominance as measured by the BergereParker index. Tukey's t-test was used for mean comparison of the treatment plots. Data on biomass was compared using oneway ANOVA, with site as the fixed effect. Tukey-HSD post hoc tests for pairwise comparison of means was conducted with significance level of P < 0.05 (see Fig. 1 ).
Results
Monthly rainfall and soil water content
Rainfall was bimodal, occurring from April to June and September to December (Fig. 2) . The total rainfall amounts in 2014 and 2015 were 1148.4 mm and 1169.5 mm, respectively. Gravimetric soil water content within the 0e30 cm soil profile followed the rainfall pattern, increasing during the wet months and declining during the dry months (Fig. 2) .
Plant biomass determination
There were significant differences (P < 0.0001, F ¼ 322.7) in total aboveground biomass between the plots (Table 1 ). The highest total aboveground biomass (1198.2 ± 78.4 g m À2 ) was recorded in the fenced plot while the lowest biomass (473.7 ± 23.8 g m À2 ) was recorded in the grazed plots. The highest standing (green) biomass recorded during the growing period (703.4 ± 50.7 g m À2 ) was in the fenced plot. A significantly higher (494.8 ± 27.7 g m À2 ) amount of dead biomass accumulated in the fenced plot compared to the grazed plot.
Plant diversity and dominance
Herbaceous diversity was high within the plots (Simpson's index 0.63e0.87; 3A and B). The herbaceous diversity in grazed plots was 19.6% higher than fenced plots (p ¼ 0.021; 3A and B). When rainfall was reduced on grazed plots, herbaceous diversity decreased by 13.8% in comparison to ambient conditions (p ¼ 0.079; 3C). The interaction between grazing and rainfall enhancement had no significant (p ¼ 0.075) influence on diversity in comparison to ambient conditions. The interaction of grazing exclusion and rainfall treatments had no significant effects on diversity (p ¼ 0.077; Fig. 3C ). Vegetation dominance in fenced plots was 38.9% higher than grazed plots (p < 0.0005; 3 D). However, the interaction of grazing and rainfall manipulation did not have a significant effect on dominance.
Characteristics of herbaceous vegetation at grazed/ungrazed and rainfall treatment plots
All the sites were dominated by perennial herbaceous species with few annuals. Percentage cover of perennials differed significantly (p < 0.05) between grazed (90.72 ± 1.95%) and fenced plots (96.67 ± 1.92%). There was a significant difference (p < 0.05) in the Fig. 1. (A) The layout of rainfall manipulation plots. Parallel arrows show transparent rainout gutters used to simulate rainfall reduction and direction to which excluded rainfall flows (rainfall increment plot/150% rainfall). (B) Photograph of rainfall manipulation plot with a slanting roof partially covered by transparent rainout gutters to exclude 50% of the rainfall and redirect it to the plot designated to receive more rainfall (i.e., 150% rainfall).
cover of annuals within grazed (9.23 ± 1.95%) and fenced plots (3.33 ± 1.92%). The coverage of palatable herbaceous species was higher in both grazed (87.89 ± 2.87%) and fenced plots (95.06 ± 3.82%), but the differences was not significant (p ¼ 0.057).
Herbaceous plant species within grazed and fenced plots
List of herbaceous species and their percentage composition within grazed and fenced plots are shown in Table 2 . A total of 29 and 25 species were recorded in the grazed and fenced plots respectively. Fenced plots were dominated by H. filipendula (52%) and Brachiaria decumbens (25%). The dominant vegetation in the grazed plots was Bothriochloa insculpta (28%) (see Table 3 ).
Discussion
The response of plant species diversity to grazing
Higher species diversity in our grazed plots ( Fig. 3A and B) is a result of reduced vegetation dominance (Fig. 3D ). Decreased dominance of vegetation can be linked to improved availability of resources, such as light, nutrients, and water. With the enriched resources, diversity is often improved through the proliferation of less common species, colonisation of new species and/or a decrease in local species extinctions (Olff and Ritchie, 1998) . By feeding and trampling on dominant vegetation, grazers alter the competitive interactions within the grass layer by reducing the vigor and presence of dominant plants, consequently enabling the establishment of less competitive species, which in the long run increases diversity (Pekin et al., 2014) . During grazing, cattle introduce new plant propagules in the environment through their droppings; these propagules later grow into new vegetation and improve diversity within the savannah (Fynn et al., 2016) . Grazing disturbance of herbaceous canopies likely increase plant diversity by promoting colonization of ruderal species (Huston, 1979; Bakker et al., 2006) . Grazing also promotes the growth of forb species leading to a relatively high species-rich community in semiarid savannahs (Jacobs and Naiman, 2008) . Our finding that there is a positive relationship between livestock grazing and plant diversity is in agreement with those of Hanke et al. (2014) . Our results, however, contradict previous studies that examined less productive savannahs with mean annual precipitations less than 600 mm (Lechmere-Oertel et al., 2005; Rutherford and Powrie, 2012; ScottShaw and Morris, 2015) . One possible interpretation of these contradictory results is that grazing has a positive influence on diversity only in productive ecosystems with mean annual rainfalls of greater than 600 mm. For example, the Lambwe savannah plots we studied lie on a humid savannah with a mean annual rainfall of about 1100 mm. In unproductive ecosystems with limited soil resources, grazing reduces plant diversity by eliminating rare palatable species and trampling on plants, which often do not recover from such impacts (Lezama et al., 2014) .
In this experiment, fencing reduced grazing disturbance and allowed a few species to develop large local populations with more biomass (Table 1 and Fig. 3D ), i.e., become dominant. The dominant vegetation in the fenced plots out-competed other less colonising species for canopy resources (i.e light) (Thirgood, 2009) . A considerable number of species with lower competitive abilities reduce their density or diminish in plant communities because of competition for light resources and nutrients (Grime, 1998; Van der Wal et al., 2004) . This is in agreement with competitive exclusion theory which states that at high levels of biomass, dominant species tend to outcompete other species for resources (Grime, 1973; Abrams, 1995 and Jacobs and Naiman, 2008) . Competitive exclusion leads to the dominance of a few species and causes an increase in spatial homogeneity and a decrease in species diversity. Additionally, higher dead biomass accumulation in the fenced plots (Table 1 ) may be the reason for lower diversity in the plots. Accumulated litter may limit seedling emergence and growth with regard to forming a mechanical barrier, reducing the light radiation to the soil surface or possibly releasing toxic secondary metabolites that ultimately lower diversity (Zhu et al., 2012; Xiong et al., 2016) . These results are in agreement with a number of field studies in African savannahs, which have found that exclusion of grazing has negative impacts on herbaceous plant diversity through the buildup in biomass and promotion of coloniser or competitive species (Jacobs and Naiman, 2008; Hanke et al., 2014; van Coller and Siebert, 2014) .
Interaction of grazing and rainfall treatment on plant diversity
Grazing and water availability are likely the key drivers of species change in grazed savannahs and other similar ecosystems (BatOyun et al., 2016) . In this study, we expected that the interaction of grazing and reduced rainfall would decrease species diversity ( Fig  3C) . These results maybe a consequence of direct and indirect effects of both the abiotic (rainfall manipulation, i.e. reducing ambient rainfall) and biotic (grazing) factors. As reduced rainfall treatment decreased rather than increased resources, we could expect a reduction in diversity, consistent with observations in low productivity ecosystems (Ren et al., 2012) . Grazing in water-limited environments tends to increase plant mortality and ultimately decrease species richness and diversity (Proulx and Mazumder, 1998; Fynn and O'Connor, 2000) . Grazing reduces vegetative biomass and exposes soil to direct radiation and therefore warming which is further aggravated by the reduction in rainfall which would otherwise dampen the increased soil temperatures. Such warming negatively impacts diversity either directly through species-specific physiological responses, such as heat stress, or through ecological factors such as altered species interactions (Farrer et al., 2014) . At lower soil moisture levels, stimulated by reducing ambient rainfall in grazed plots, biodiversity was predicted to decrease due to herbivore grazing and an increase in dominance by drought tolerant species; together, these two factors may reduce colonisation rates or enhance extinction of species which are less tolerant to grazing and low moisture levels (Olff and Ritchie, 1998; Bat-Oyan et al., 2016) . The interaction between fencing that excluded grazing and either increased or decreased ambient rainfall did not have a significant effect on species diversity (Fig. 3C ). This response points to the fact that the altered ambient rainfall in our fenced plots did not significantly change soil moisture levels to the extent that it would elicit change in plant diversity. Fencing improves soil macro-aggregation, which prevents water loss and ensures adequate soil moisture supply irrespective of the rainfall treatment. One possible explanation of our results is that species in our fenced plots are inherently less sensitive to the rainfall manipulations as used in this study. The mechanisms of species change might be largely site-specific. Furthermore, they may vary significantly in water-limited ecosystems similar to our grazed plots but dissimilar to our fenced plots.
Characteristics of herbaceous vegetation within grazed and rainfall treatment plots
The composition of herbaceous vegetation varied considerably within our study sites irrespective of rainfall treatment, which characterises the heterogeneity of Lambwe valley (Allsopp and Baldry, 1972) . Spatial variation in the composition of herbaceous species may be attributed to the ability of individual species to adapt to local and edaphic conditions (Silva et al., 2013; Augustin, 2003) , which are different within our sites (Otieno et al., 2011) . It is possible that the lower vegetation dominance in the grazed plots (Fig. 3D) was as a result of reduced competition for light, allowing different species to flourish. Grazing at moderate intensities depresses the vigor and presence of dominant species, enabling colonisation by less competitive species with an overall increase in diversity (Kikoti and Mlingo, 2015) . These results are similar to the findings of Zerbo et al. (2016) who linked grazing to the reduction in vegetation dominance in West African savannah ecosystems. Our results reveal an abundance of palatable species (Table 2) . Moreover, perennial species dominated all plots irrespective of the rainfall treatment (Table 2 ). The higher dominance of palatable species within our plots can be attributed to a decline in selective grazing which minimises overconsumption of palatable plants.
Since the abundance of palatable species appears to be an indicator of moderate grazing (Ren et al., 2012) , we can conclude that grazing within our plots is within a sustainable range that does not necessarily lead to ecosystem degradation. The interaction of grazing and rainfall manipulation is complex and requires additional survey campaigns to create a complete picture of its implications on savannah structure and composition.
